ALL female Sprague-Dawley rats treated with a single oral feeding of 20 mg. 7,12-dimethylbenz(a)anthracene (DMBA) in sesame oil at age 50-65 days develop mammary cancer within a few weeks (Huggins, Briziarelli and Sutton, 1959; Huggins, Grand and Brillantes, 1961). In addition, a few benign fibroadenomas develop but the fibroadenomas are not usually palpable for a considerable time after the appearance of the mammary cancer (Huggins, Briziarelli and Suttoii, 1959; Huggins, Grand and Brillantes, 1961). A majority of the mammary cancers thus produced are hormone responsive since their growth rate is greatly retarded by ovariectomy, hypophysectomy or injections of certain combinations of progesterone and estradiol-17 B. However, progesterone alone accelerates the appearance and growth rate of DMBA induced mammary cancer (Huggins, Briziarelli and Sutton, 1959; Huggins, Moon and Morii, 1962).
ALL female Sprague-Dawley rats treated with a single oral feeding of 20 mg. 7,12-dimethylbenz(a)anthracene (DMBA) in sesame oil at age 50-65 days develop mammary cancer within a few weeks (Huggins, Briziarelli and Sutton, 1959; Huggins, Grand and Brillantes, 1961) . In addition, a few benign fibroadenomas develop but the fibroadenomas are not usually palpable for a considerable time after the appearance of the mammary cancer (Huggins, Briziarelli and Suttoii, 1959; Huggins, Grand and Brillantes, 1961) . A majority of the mammary cancers thus produced are hormone responsive since their growth rate is greatly retarded by ovariectomy, hypophysectomy or injections of certain combinations of progesterone and estradiol-17 B. However, progesterone alone accelerates the appearance and growth rate of DMBA induced mammary cancer (Huggins, Briziarelli and Sutton, 1959; Huggins, Moon and Morii, 1962) .
Induction of mammary cancer by chemical carcinogens is also enhanced by pregnancy. Huggins et al. (1962) observed that rats mated 15 days after DMBA administration exhibited an increased number of tumors per animal and a decrease in the latent period of tumor appearance. Dao and Sunderland (1959) , using 3-methylcholanthrene (MCA), also observed an increase in the induction rate during pregnancy followed by a regression of all tumors during the subsequent lactation.
The present investigation is concerned with the inductioni and growth of DMBA induced mammary tumors as influenced by the time at which pregnancy ensues and the relationship existing between tumor type and tumor regression during lactationi.
MATERIALS AND METHODS
V"irgin female rats of the Sprague-Dawley strain were obtained from the dealer at approximately 43 days of age. Animals were housed in groups of 6 in a room artificially illuminated during normal daylight hours and maintained at a temperature of 78 ± 2°F. Sprague-Dawley male rats were used for mating. All 
RESULTS
Pathology. The majority of the mammary tumors which developed were adenocarcinomas (Fig. 3) . A small number of fibroadenomas and " mixed " tumors were also observed. These " mixed " tumors (Fig. 4) were composed of distinct portions of adenocarcinoma and atypical fibrous stroma which may or may not have been neoplastic. The atypical fibrous portion of the tumor comprised a large percentage of the tumor and histologically appeared quite different from the stroma of the typical adenocarcinoma.
Adenocarcinomas which regressed presented a characteristic cytologic picture of epithelial cell atrophy (Fig. 5) . Alveolar lumina contained cellular debris and often were lined by a single layer of flattened cells showing nuclear degeneration. Regressing " mixed " tumors exhibited a similar type of epithelial atrophy but the atypical fibrous stroma was intact in all cases (Fig. 6 ). Cytologically, atrophy or regression of the fibroadenomas was not evident.
Tumor incidence.-Animals which received only sesame oil at 50 days of age (Group I) did not develop mammary tumors within the time limits of this study (Table I) . A single dose of 20 mg. DMBA administered at age 50 days resulted in the development of mammary tumors in all 21 animals so treated (Group II). These animals developed a mean number of 4-95 tumors per animal, with a mean time of appearance (MTA) of the first palpable tumor of approximately 70 days after feeding DMBA (Table I) .
In Group III (MBTA), 15 animals were mated 16-29 days after DMBA administration. All rats of this group developed mammary tumors during the ensuing pregnancy. The mean number of tumors per animal at necropsy was somewhat less than in Group II (Table I) , with a majority of the tumors appearing during pregnancy (Table II) . A few animals in this group developed additional tumors after parturition. The MTA of the first palpable tumor was about one-half that of animals receiving DMBA but which were not mated. In all cases, the first tumor appeared during pregnancy. All tumors which appeared during pregnancy grew rapidly until parturition (Fig. 1) . This rapid growth phase was not related to tumor type, initial or final size, or location of the affected mammary gland.
While tumor growth during pregnancy presented a fairly uniform picture, after parturition a number of varied growth patterns was observed. Fibroadenomas, regardless of time of appearance, did not regress during lactation (size at end of 25-day lactation equal to one-half size at parturition). Sixty-seven per cent of the " mixed " tumors and 70 % of the adenocarcinomas that appeared during pregnancy regressed during the subsequent lactation. Of the remaining 30-35 % of tumors which arose during pregnancy, some continued to grow at an accelerated rate, some maintained the size attained at parturition, while the size of some decreased slowly. This decrease in size was not judged to be a significant regression according to our standards. The new tumors which appeared in a few animals either during lactation or after removal of the litter did not exhibit the rapid growth phase similar to that seen during pregnancy. None of the tumors appearing during lactation or after litter removal regressed (Table III) . During lactation, the number of young nursed by the animals of Group III (MBTA) was variable. Moreover, the percentage of tumors which regressed in each animal was negatively correlated with the number of suckling young (r = -0 75. P < 0.05). In Group IV (MATA), 9 animals were used to observe the effects of pregnancy and lactation on mammary tumors which appeared before the onset of pregnancy. These animals were palpated regularly and tumors were observed for 5 days before the animals were placed in mating cages. Mating did not always occur on the first day and in some cases tumors were 20-30 days old when the animal was mated. Tumor size was plotted during this period before mating and in all instances tumors grew at a steady rate, with a slight (20-30 %) increase in size. Within a few days after the onset of pregnancy however, these slowly growing tumors assumed a rapid growth rate and continued to grow rapidly until parturition. New tumors which appeared during pregnancy (4.38 i 1-82 per animal), also grew rapidly until parturition. There was no detectable difference between the growth patterns during pregnancy of the pre-existing or new tumors (Fig. 2) (Table III) .
DISCUSSION
Reports of the effects of pregnancy and lactation on rnammary tumor growth are many and varied. Haddow (1938) reported that pregnancy had no effect on spontaneous mamnmary cancer in high-cancer strain mice, but that parturition and the onset of lactation were not uncommonly followed by tumor regression. Bielschowsky (1947) , using female albino rats, recorded regression during lactationl of 2-acetylaminofluorene-induced mammary tumors. However, the tumors resumed growth after weaning of the litters. Jacobs and Huseby (1959) Liebelt (1958) observed that the growth of spontaneous mammary cancers was retarded during nursing, while in some cases the cancers actually regressed. PFollowing removal of the litters, the tumors resumed a rapid rate of growth. He also found that growth of adenocarcinomas transplanted into females in late pregnancy was inhibited during lactation. Mice bearing intraocular pituitary grafts 14 days before transplantation of the adenocarcinomas also showed reduced tumor growth rates. Liebelt concluded that lactogenic activity resulting from the isografts or nursing stimulated functional differentiation, thus reducing mitotic activity of the mammary epithelial cells. Dao and Sunderland (1959) reported that regression of MCA induced tumors was not associated with lactation, since the size of the tumors decreased in animals in which milk removal was either suppressed or prevented. These workers postulated that regression of tumors after parturition is dependent upon a rapid reduction of hormonal stimulation resulting from loss of the placenta. Huggins et al. (1962) mated Sprague-Dawley female rats 15 days after DMBA administration, and reported that pregnancy both increased the mean number of tumors per animal and decreased the latent period of tumor development.
In the present study, although there was no increase in the mean number of tumors per animal in pregnant rats, the latent period of tumor development was considerably decreased when compared to DMBA-treated, virgin controls. All DMBA-treated, pregnant animals developed tumors during pregnancy. Tumors were observed to grow rapidly during pregnancy, regardless of type.
In animals with established mammary tumors, pregnancy both accelerated the growth of the established tumors and caused the appearance of new tumors. The endocrine factor(s) responsible for these observations is not apparent from these data. Progesterone has been shown to accelerate the appearance of mammary cancer induced by the polycyclic hydrocarbons (Huggins et al., 1962) . It is possible that the predominantly progestational condition of pregnancy is responsible for the enhanced tumor growth during this period.
The observed data on tumor regression during lactation in part agrees with previously reported results, but with some significant differences. In contrast to the observations of Dao and Sunderland (1959) concerning regression of MCA induced tumors during lactation, regression of DMBA induced tumors does not seem to be a 100 % phenomenon. Some tumors exhibited a slow, partial regression, while others continued to grow rapidly. Such continued growth may not be related to hormonal conditions, but may represent innate characteristics of individual tumors which enable them to become " hormone-independent " when the growth stimulus is removed. Huggins et al. (1959) have indicated that a certain percentage of DMBA induced tumors are not hormone-responsive.
On the other hand, the observation that the number of regressing tumors per animal was negatively correlated with the number of suckling young suggests a hormonal influence operative in tumor growth during lactation. With larger litters, more tumors per animal did not regress, i.e., continued to grow. Indirect evidence points to a relationship between pituitary secretion of prolactin and litter size. Prolactin is released from the pituitary in response to the suckling stimulus (Grosvenor and Turner, 1957) , and is effective in retarding involution of teat-ligated mammary glands during lactation (Mizuno, 1961) . The degree of involution of ligated glands is directly related to litter size, suggesting that prolactii release may also be related to the number of suckling young (Moon, 1964) . Also, ovarian progesterone secretion during lactation has been shown to be directlv correlated with litter size (Eto et al., 1962) .
Although the actual hormonal stimuli for mammary tumor growth have not been elucidated, it would appear that the intricate interrelationships existing between the endogenous secretion of both the pituitary and ovarian hormoines are of importance.
SUMMARY
Fifty-day-old female rats were fed 20 mg. of 7,12-dimethylbeniz(a)anthraceiie (DMIBA) in sesame oil by stomach tube. Tumors were detected by palpatioin, neasured and sectioned at autopsy. Rats were mated either before tumor appearance, or were allowed to mate at will five days after the appearance of palpable tumors. As previously reported, pregnancy accelerated the appearance of tumors in animals mated before tumor appearance. In animals mated after tumor appearance, the well-established tumors grew at a faster rate during pregnancy, and new tumors appeared. In both groups tumor regression during the subsequent lactation was variable, for some tumors regressed, some continued to grow at an accelerated rate, while others maintained a uniform growth rate. It appears that pregniancy increases tumor growth regardless of whether tumors are palpable before mating or appear during pregnancy. Tumor regression durinig lactation does not seem to be consistent, and is independent of the time at which pregnancy ensues. A negative correlationi exists between the number of tumors regressing during lactation and the number of young nursed by the animal. These data suggest that the continued growth of some tumors during lactation is probably related to the secretion of both ovarian and pituitary hormones durilng this period.
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